anomalies and sperm counts. Even in subfertile patients with normozoospermia, an increased rate of aberrations was 1 Department of Clinical Genetics, University of Tübingen, D-72074 detected (Matsuda et al., 1989) . Until now, however, female 
Introduction
hormones.
Most studies from industrially developed countries indicate
These same 150 couples underwent genetic counselling after that 10-15% of all couples will experience either primary standardized, extensive documentation of personal, medical, and or secondary infertility at some time during their reproductive family histories, chromosome analysis and investigation of the lives (Healy et al., 1994) . The number of patients attending human azoospermic factor (AZF) and/or DNA as appropriate before fertility clinics is increasing, and use of intracytoplasmic ICSI therapy. sperm injection (ICSI) is becoming more common in cases Chromosomal analysis was performed on cultures of peripheral of male infertility with azoospermia, cryptozoospermia, blood lymphocytes by the standard method. The karyotype was confirmed in all patients with the G-banding technique; C-banding, severe oligo-, astheno-and/or teratozoospermia. In addition, nucleolus organizing regions (NOR) and fluorescence in-situ patients become candidates for ICSI if conventional in-vitro hybridization (FISH) were also employed when necessary.
fertilization (IVF) is unsuccessful, with fertilization rates for
In cases with azoospermia and reasonable suspicion of congenital oocytes Ͻ10%.
bilateral absence of the vas deferens (CBAVD), blood was collected Congenital chromosomal abnormalities are known to be from both partners to isolate DNA and to analyse for the most present in~15% of azoospermic subjects and 6-7% of frequent cystic fibrosis transmembrane regulator (CFTR) mutations subjects with Ͻ10 ϫ10 6 spermatozoa/ml, either alone or (Chillon et al., 1995) . Mutation screening included δI507, δF508, in combination with other abnormalities of the semen 1717-1(G→A), G542X, G551D, R553X, W1282X, N1303K, R347P, (Bourrouillou et al., 1992) . In comparison, the rate of R334W, 3849ϩ10 kb C→T, R117H, R347H and poly-T allelic congenital chromosomal abnormalities in newborns is 0.5% variants in intron 8.
(e.g. Micic et al., 1984; Guichaoua et al., 1993) . Rivas et al. One partner of couples of Mediterranean nationality was examined for haemoglobinopathy by haemoglobin-electrophoresis. (1987) found an inverse correlation between chromosomal In the case of pathological findings, additional counselling was carried out for the special situation for that couple. maldescended testicles. One male had manifest cystic fibrosis, and five had CBAVD. The results of molecular genetic examination of CFTR mutations are presented in Table III . We Results found only normal 7T and 9T alleles. Additionally, male Patient characteristics findings with clinical relevance for the couples are shown. The average length of infertility of our couples was 5 years Chromosomal findings (range 9 months to 17 years). The mean age of the women was 31 years (range 20-42), and that of the men was 34 years
The complete results of the chromosomal investigations are presented in Table IV . We found normal chromosomes in (range 22-48 years). Of our sample, 76% of couples were German and 24% came from other parts of Europe, with a 82.6% of our couples. When variant chromosomes were included, 94% of women and 88% of men fell into the 'normal' majority from Turkey. Out of 150 partnerships, six had 'mixed' nationalities. Consanguinity was seen in Turkish couples only:
group. Structural variants were found in 24 cases (11 females ϭ 7.3% and 13 males ϭ 8.6%; Table V): (i) variations of the five couples were first cousins, two couples were second cousins and in one couple the partners were third cousins.
short arm morphology and staining properties of acrocentric chromosomes (n ϭ 6); (ii) variations in centromeric heterochroSecondary infertility was present in 32 couples. Pregnancies had occurred with other partners for 11 women (7.3%) and matin (C-band) size, position and staining properties (n ϭ 16). The centromeric heterochromatin size was increased in 10 six men (4.0%). Of the present couples, 15 (10%) had had previous pregnancies, six had live-born children, nine had had people (chromosomes 1, 9 and 16) and decreased in two (Y). The position of the heterochromatin was different in four cases one or more abortions.
Different methods of infertility therapy had been used earlier of a small inversion of chromosome 9; (iii) fragile sites were found in two men. In one, we found a mosaic between a by 47 (31.3%) of our couples before they were referred to us for ICSI. Most of them had undergone more than one unsuccessful normal male karyotype and a male karyotype with a fragile site on chromosome 2 (the medical history was uneventful), attempt of heterologous artificial insemination (AID), homologous artificial insemination (AIH) and/or IVF.
and in the other, we found multiple fragile sites in different metaphases. This patient had undergone radiation and chemoSemen analysis (n ϭ 150) showed six (4%) cases of normozoospermia, 23 (15.3%) of grade I or grade II oligoastherapy for Hodgkin's disease, which had been completed 1 year before karyotyping. thenoteratozoospermia (OAT), 55 (36.6%) of grade III OAT, 56 (37.3%) of cryptozoospermia and nine (6%) with azooSpecification of couples with chromosomal anomalies spermia. One couple had spermatozoa cryopreserved because of a seminoma.
A comprehensive summary of the couples with chromosome aberrations is given in Table VI . In 25 couples we detected a Table I shows multifactorial or monogenetically inherited disorders which were of interest in genetic counselling before chromosome aberration in one partner and in one couple both partners had a chromosomal abnormality (couple no. 2 in ICSI. The most frequent disorders in both sexes were atopic diseases. We also observed one case of autosomal dominant Table VI ); 12% of the men (18/150) and 6% of the women (9/150) had an abnormal karyotype. preaxial polysyndactyly, one male heterozygous for autosomal recessive β-thalassaemia, and one case of autosomal dominGonosomal mosaics were found in six women (3.9%) and seven men (4.6%). Notably, most of these individuals showed antly inherited von Willebrand's disease.
Additional relevant findings are listed in Table II. Common a very low level of sex chromosome mosaicism. This may have been due to an artefact in the cell culture (i.e. single-cell findings in women were tubal sterility and adequately treated hypothyroidism, hyperprolactinaemia and hyperandrogenaepseudomosaicism), but at least three women and one man had genuine sex chromosome mosaicism; these were, for the mia. Common findings in men were varicoceles and formerly Table V . Summary of structural chromosomal variants found in our study Women (n ϭ 11) Men (n ϭ 13)
Variations of acrocentric 22sϩ, 22sϩ, 22sϩ, 14sϩ 22sϩ, 21sϩ chromosomes (n ϭ 6) Centromeric heterochromatin (n ϭ 16) increased (n ϭ 10) 1qhϩ, 1qhϩ, 9qhϩ, 9qhϩ 1qhϩ, 1qhϩ, 1qhϩ, 9qhϩ, 9qhϩ, 16qhϩ
women, 45,X/46,XX/47,XXX (1:23:1), 45,X/46,XX/47,XXX inherited (1;8) translocation. She had a healthy sister and a healthy brother. The mother had never had any abortions (5:53:2) and 46,XX/45,X (23:2) and, for the man, 45,X/46,XY/ 47,XXY (1:29:1; see Table IV). or stillbirths. Another female had a (1;21) translocation. Chromosomal analyses of the parents of this patient showed A Robertsonian translocation was identified in four men (2.6%). In all cases it was a translocation between chromosome normal karyotypes. In one male we found a (5;17) translocation of unknown origin. This couple had had two unsuccessful IVF 13 and 14 (13q14q). One was a de-novo translocation, one was paternally inherited, and two were of unknown origin.
treatments. The family history showed no peculiarities. In a couple that had been childless for 11 years, the male showed None of these men had ever produced a pregnancy. The family history of all males was unremarkable.
a de-novo (5;14) translocation. A (12;14) translocation was found in another male with childlessness of 2 years duration. A reciprocal translocation was found in five couples (3.3%), two females and three males. One female showed a maternally Three of his four sisters showed a normal karyotype. The last sister and his parents were not karyotyped, because they did no. 23 (Table VI) had a paracentric inversion of chromosome 10. This couple had been infertile for 5 years. The husband not live in Germany. Except for an abortion undergone by his mother, the family history was entirely unremarkable. In spite showed grade III OAT and IVF had failed because of nonfertilization. In the male partner of couple no. 24 (Table VI) of cryptozoospermia on his part, his partner became pregnant without treatment in the meantime.
we found a pericentric inversion of chromosome 16 of unknown origin. This couple had been childless for 10 years. One A translocation between the long arm of chromosome 10 and the Y was found in the phenotypically normal male of pregnancy after insemination resulted in a spontaneous abortion. Subsequent inseminations and two IVF attempts had been couple no. 22 (Table VI) . Paternal origin was unknown. The family history was unremarkable.
unsuccessful. The family history showed an unspecified sterility in a maternal female cousin of the patient. The male of couple Two autosomal inversions and one gonosomal inversion were present in three individuals. The female partner of couple no. 25 (Table VI) with grade III OAT showed a pericentric inversion of an X chromosome. The parental origin of this Robertsonian translocation inversion was unknown. The family history was unremarkable.
Birth frequency of centric fusion translocations [Robertsonian An extra structurally abnormal chromosome (ESAC), i.e.
translocations (RT)] is~1 in 1000 new-borns (Therman and marker chromosome, was found in all examined metaphases Susman, 1993) . Among 150 couples, we found four men with of the male partner of couple no. 26. The same marker 13q14q RT, which is one of the most frequently found RT. chromosome was present in all metaphases of the patient's For any fertile carrier of a 13q14q translocation, the risk father. The family history showed no peculiarities.
for offspring with unbalanced translocation is very low (Ͻ1%). Table VI shows all 26 couples (17.3%) in which one or
There is no experience with the outcome of an ICSI if one both partners had an abnormal karyotype. None of these couples partner has a 13q14q RT. The occurrence of non-disjunction had conceived spontaneously in the present relationship. Three could lead to a viable trisomic child or, as an exception after women had had induced abortions with other partners. Only chromosomal reduction, to a child with abnormalities caused one man with normozoospermia was found in the group of by imprinting effects (e.g. maternal disomy 15 in Prader-Willi males with chromosome aberrations. Four men had grade II syndrome; Purvis-Smith et al., 1992; Schinzel, 1993) . RT do OAT, 11 had grade III OAT, nine had cryptozoospermia, but not seem to exert interchromosomal effects (Pellestor, 1990) . surprisingly none had azoospermia. Table VII presents data of Prenatal diagnosis was recommended to these couples. couples with one or more previous IVF failures concerning Previous studies have established that RT may cause male semen analyses and karyotypes. Details about these individuals infertility, especially in the case of male 13q14q translocation with a chromosomal abnormality may be found in Table VI. carriers (Johannison et al., 1993) . This phenomenon is possibly AZF was analysed in all males with abnormal semen explained by the tendency of RT to attach to the sex vesicle, analysis. A deletion of the AZFc locus was found in one male which possibly prevents the inactivation of the sex chromosome during the time-frame of this study (patient 2, Table VI). in male meiosis (Guichaoua et al., 1990) . It was previously shown that RT were~10 times more frequent in patients attending infertility clinics than in the new-born population Discussion (Bourrouillou et al., 1985; De Braekeleer and Dao, 1991) . In Most authors have observed that chromosome abnormalities our study the frequency was 13 times higher. are far more common among infertile men than in women with infertility (Opitz et al., 1979; Healy et al., 1994 ; SkakkeAutosomal reciprocal translocations baek et al., 1994) . Hens et al. (1988) , in their cytogenetic
The frequency of autosomal reciprocal translocations in the study of 500 infertile couples referred for IVF, stated that the general population is estimated to be 1:1000 (Therman et al., frequency of chromosomal aberrations was three to four times 1993). In our patients we found five translocation carriers. All higher than that in a neonatal population with no obvious affected couples were told that the genetic risk for translocation chromosomal pathology. We found an 18-fold increase in our carriers depends on the chromosomes involved, the breakpoints study (27/300 patients, 9.0%). Excluding the slight gonosomal and on which parent is the carrier. Risk estimates of having mosaics (probably single-cell aberrations), we still had a rate an abnormal child and/or miscarriage vary between 0 and 50% of 6% chromosome anomalies (18/300 patients), i.e. a 12-fold for fertile translocation carriers (Daniel et al., 1989; Midro increase. Baschat et al. (1996 ) performed chromosomal analysis et al., 1992 . We indicated to the patients that a calculation of only on the male partners of 32 couples referred for andrological the genetic risk for reciprocal translocation carriers in this subfertility, and found two with a constitutional chromosomal situation (ICSI) is not possible. Therefore prenatal diagnosis aberration (both grade III OAT).
was strongly recommended in all cases. Six major types of chromosome abnormalities and variants Couple no. 2 (Table VI) , who had been childless for 11 were present in our couples. Comprehensive and sensitive years, presented a special counselling situation. The male genetic counselling was especially important in these cases.
showed a de-novo (5;14) translocation and a deletion of AZFc. Genetic counselling included all well-known information about Additionally, his wife was a gonosomal mosaic (45,X/46,XX/ the individual type of chromosome aberration, its possible 47,XXX). Despite these findings, the couple continued ICSI inheritance, the genetic risk of unbalanced offspring, and clinical relevance. therapy.
Different authors have shown that male sterility is often No chromosomally abnormal offspring will result if an inversion is restricted to centromeric heterochromatin regions, associated with reciprocal translocations. The frequency of such translocation carriers seems to be 7-to 10-fold higher e.g. a small inversion of chromosome 9 (present in 1% of the population). This common variant (1.3% in our patients) is than in the newborn population (Bourrouillou et al., 1987; De Braekeleer and Dao, 1991) , and was 16-fold higher in our included in the group of 'variant chromosomes'. study. Meiotic studies have shown that a translocation can Gonosomal mosaics result in spermatogenetic arrest or impairment (Guichaoua et al., 1992) . In all cases involving male translocation carriers,
The most frequent chromosome-related causes of infertility are sex chromosome abnormalities. A gonosomal mosaic was we informed the couple that it is presently impossible to determine the causal relationship between chromosomal aberrafound in six women. Two of them had a 45,X/46,XX/47,XXX karyotype, the other four had a 45,X/46,XX karyotype. Four tion in an infertile male and infertility. Many translocation carriers, and even brothers of infertile translocation carriers, men showed low-level mosaicism with a 47,XXY cell line, one of those even with an additional 45,X cell line. Three men have no fertility problems even though they carry the same translocation (Matsuda et al., 1991) .
had a very low level mosaic with 45,X/46,XY. It is unclear whether these cases represent true mosaicism or single-cell Reciprocal translocation involving a sex chromosome pseudomosaicism. However, low-frequency mosaicism seems to be a frequent and underestimated cause of failure in assisted Balanced Y-autosome translocation is very rare. Most of these cases occur as a de-novo event (Moreau et al., 1987) . We reproduction (Toncheva et al., 1994) . It is uncertain whether carriers of gonosomal mosaic have found this chromosomal aberration in the male of couple no. 22 (Table VI) . This type of balanced translocation is known any risk for having an abnormal child. The risk is probably negligible for the majority of fertile individuals with a low to be associated with infertility (Fryns et al., 1985; DiazCastanos et al., 1991) . It is characterized by a germ-cell level of sex chromosome mosaicism, but there seems to be an increased risk for repeated abortions (Gardner and Sutherland, maturation arrest resulting in azoospermia or severe oligozoospermia (De Braekeleer and Dao, 1991; Sasagawa et al., 1993) .
1989). Actually, Persson et al. (1996) suggested that the recent finding of sex chromosome aneuploidies in fetuses conceived The majority have a male phenotype, like our patient, but it is sometimes also seen in a female phenotype. In 50 cases, after ICSI might be due to a high rate of undetected Klinefelter mosaicism carriers. There are too few data on the frequency Hsu (1994) found 80% males with infertility/hypogonadism; 20% of fertile phenotypically normal males were ascertained of sex chromosome mosaicism in the general population to permit conclusion in this regard. only through the unbalanced karyotypes of their offspring. The genetic risk for the couple in our study was difficult to Patients with 45,X/46,XY karyotypes range in phenotype from females with classical Ullrich-Turner syndrome to infants estimate. The possibilities of segregation are similar to those in reciprocal translocations in autosomes. Prenatal diagnosis with ambiguous genitalia to normal but infertile males. Since the outcome of pregnancies of couples with a gonosowas also recommended in this case.
mal mosaicism is uncertain after infertility treatment, prenatal Inversions diagnosis should be recommended. Inversions are seen in~1 in 1000 individuals (Gardner and Extra structurally abnormal chromosomes Sutherland, 1989) . One gonosomal and two autosomal inversions were found in our group. In pericentric inversions About 90% of extra structurally abnormal chromosomes (ESAC) are thought to be derived from the short arms and each individual inversion carries its own individual risk for unbalanced offspring (Kaiser, 1988) . In contrast, the risk for pericentric regions of acrocentric chromosomes. The frequency of ESAC in studies of several newborn series was~2 in offspring with unbalanced karyotypes is assumed to be quite low for most paracentric inversion heterozygotes (Pettenati 10 000. We found a marker chromosome in the male partner of couple no. 26 (Table VI) . et al., 1995) .
We found unusual breakpoints in our female patient with An ESAC is regarded as harmless in a phenotypically normal individual like our patient, who had a bisatellited the paracentric inversion of chromosome 10 and the male with the pericentric inversion of chromosome 16. This inversion ESAC. Counselling in this case was straightforward. About half of his offspring will carry the same additional ESAC. It has never been mentioned in the literature in association with the birth of a recombinant offspring. However, prenatal can be assumed that no discernibly increased risk of abnormalities in these offspring exists (Callen et al., 1992 ; Brondumdiagnosis was recommended. Whether autosomal pericentric inversion is a possible threat to male fertility is unclear, but it Nielsen and Mikkelsen, 1995) . An ESAC might lead to reduced fertility in males (Steinbach et al., 1983) . has been assumed by some authors (Simi et al., 1991) .
The genetic risk is minimal for the man in our study with Variant chromosomes the rare pericentric inversion X. The rearrangement does not affect the phenotype or fertility of male carriers (Gardner and Most authors state that a person carrying a variant chromosome has no increased risk of having spontaneous abortion, abnormal Sutherland, 1989). All sons would receive the normal Y chromosome from their father. All daughters would be inv (X) offspring, or any other reproductive problem (Carothers et al., 1982) . Other authors report a higher frequency of variant heterozygotes. They could have a completely normal phenotype or some signs of gonadal dysfunction. chromosomes in teratozoospermic males (Eiben et al., 1987) .
